In SiC/AI composite there are obviouscorrespondent relations between electrical resistivity and F/M interfaces changeas wellas Vf. BoththeF/M reaction reaction and Vf can bedetermined by means of the composite electrical resistivity, if the resistivity is revisedby a factor small than 1.
Metal matrix composite (MMC) is studied mainly as structural materials. For a structural material, its electrical properties are not important. However, it will be very useful to study MMC by its electrical properties as one has being done in study of conventional metallic materials. For instance, can fibre volume fraction (yo of MMC be determined by means of its electrical resistivity? can fibre-matrix (F/M) chemical interface reaction in MMC be studied by the electrical resistivity? It is because of this idea that some studies for pursuing the possibility to study MMC by its electrical properties have been conducted on SiC/AI composite.
Experimental
The fibres used in the studies are Nicalon SiC fibres. The matrix is commercial pure aluminium.Unidirectional Nicalon SiC/AI composites were fabricated by pressing infiltration method.The values of Vrin the composite were determined by an mAS image analysis system. The fibres removed the organic coat on the surfaces were soaked in the hot solution of 15% NaOH for 2 hrs., then rinsed, dried, and finally determined the electrical resistivities with a ZC36-10 l 70hm super high resistance and lO-4A micro-current detector. Both the monolithic matrix material and the composites were cut into the dimension of 2 x 2 x 90 mm, and then polished. Their electrical resistances were measured with a QJ19 precise bridge, then the resistivities were calculated. After this, the composite specimens were divided into four groups. The specimens of the first group were heated at 773K for 2 hrs. and cooled in the furnace to reduce residual internal stress. Those of the second one were heated respectively at 723, 773, 823 and 873K for 10 hrs to study F/M interface reaction below the melt point (m.p.) temperature of AI. For studying F/M interface reaction above the m.p., the specimens of the third group were heated in vacuum (10-6 tor.) at 953K respectively for 5, 15, 25 and 35 min.; while those of the last group were heated also in the same vacuum but respectively at 953, 993, 1033 and 1073K for 10 min. All the heated specimens were cooled to room temperature in the furnace, and then determined the electrical resistances.
Results and discussion
The average electrical resistivity of fibre is 6.34 Ohm-m,while that of the matrix is 3.93 x 10-8
Ohm-rn. The latter is slightly higher than that of commercial pure aluminium. Longitudinal electrical resistivities of the composites with various Vrare given in Table 1 . 
Note.Vn --determined by IBAS system.Vrz --estimated by expression (2)
According to the rule of mixtures for electricalconductivity, the longitudinal conductivity of an unidirectional compositecan be expressedas follows:
Pc-I=p{I vi +p m-
where Pc' Pr and Pm are electricalresistivities of composite, fibre and matrix respectively. For Nicalon SiC/AI composite, Pr= 6.34 Ohm-m, P m=3.93xl0-8 Ohm-m, Pr»P m. therefore, the expression is simplified into: P c-I = pm-IO-Vr). After Pm being replaced by 3.93xI0-8 , the expression becomes: Vr = 1 _ 3.93xlQ-8
Pc
The Vr values estimated by expression (2) are also given in Table 1 . It is noted that all the Vr determined by the mAS system are smallerthan the corresponding Vr estimated by expression (2) . There are three reasons for this: residual internal stress, fibre off-axis misalignment and F/M interfacereaction. The electrical resistivities of the specimens subjectedanneal were only slightly decreased.That means that the first cause is not the chief one.
Expression (1) is on the basis of presupposing that all the fibres are in the current direction. In fact, the fibres in composite are often deviated from the given direction (1) . When fibres are not in the current direction, the F/M interfaces will strongly scatter electrons, resulting in an increased electricalresistivity.The resistivities of the composite specimens with the same Vr but cut in various off-axis angle directions are given in Table. 2. Table. 2.Average resistivities of the composites with differentoff-axis angles and the same Vr off-axis angle (0) resistivity (10-8 Ohm-m)
v»
As noted from the table, even off-axis angle is only 7°, the resistivity is markedly increased. It follows that for a composite with fibre misalignment, the Vr estimated by expression (2) must be greater than the real value, thus, the electricalresistivity should be revised by a factor K. So expression (2) should be written as :
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Vr= 1 _ 3.93 xlO-(3) K·pc It is clear that K=1 for perfect fibre alignment, however, O<K<1 for a real composite. In order to find the value of K, taking the data in Table Las That is to say, the value ofVr can be determinedby the electrical resistivityof the composite, if the latter is revised by a factor of 0.95. In addition, expression (1) is on the basis of presupposition without F/M interface reaction in MMC. It has been proved that Nicalon SiC fibre can react with aluminium above the m.p. of Al (2, 3) . However, the electrical resistance resulted from the reaction during the fabrication can be neglected relative to that resulted from fibre off-axis arrangement, because of a very short contact time between the fibres and the liquid matrix.
2.Electrical resistivity and F/M interface reaction
The resistivities of SiC/AI composites heated at the temperatures below the m.p. for 10 hrs. are presented in Table 3 . The results in the table show that the resistivities have hardly varied. The resistivity is sensitive to the composition and internal structure of the material, little variation in resistivity reflects little change in internal structure, as shown in Fig.I . By contrast, clear reaction zones in the composite heated at 1073K for 10 min.have appeared (Fig.2.) , resulting in largely increasedelectrical resistivities. The relative variation of the resistivities for the composites before and after heating above the m.p. are summarized in Table 4 . Because it is possible to have taken place F/M interface reaction in as the fabricated composite, relative variation in resistivity is used to avoid the influence of the initial state. It can be seen from table 4. that the resistivity increased greatly with the heating temperature to be elevated and the heating time to be prolonged. Evidently, the main reason for this increase is F/M interface reaction. = ------
Expression (6) shows that the relative variation increases with x.Because x increases with the reaction time and/or the reaction temperature, thus we have the results in table 4. Th last two expressions show that not only F/M interface reaction in MMC can be studied qualitatively by means of its electrical resistivity, but also the thickness of reaction zone can be described quantitatively by expression (5).
Conclusions
In the case of a great difference in electrical resistivity between fibre and matrix, it is possible that Vf of a composite unidirectionally reinforced by continuous fibres is determined by means of the electrical resistivity, however, the resistivity must be revised mainly because of fibre misalignment. There is an obvious correspondent relation between the electrical resistivity and F/M interface reaction in SiC/AI composite. Therefore, F/M interface reaction in it can be studied by means of its electrical resistivity.
